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Neural networks: memory, learning and neural coding.

Syllabus: Introduction: background from ensemble theory. Statistical mechanics of
the Ising model in the mean field approximation. Ergodicity, broken ergodicity, phase
transition with spontaneous symmetry breaking. Hebb rule. Neural network models of
associative memory. The Hopfield model with finite capacity, self averaging.
Capacity of the Hopfield model — signal to noise analysis.

Learning theory: Supervised and unsupervised learning. Training error, generalization
error, Perceptron learning, PCA learning, Clustering, self organizing features map.
Synaptic plasticity and STDP. Learning of a single synapse in the Fokker-Planck
approximation. Learning of feed-forward synaptic population.

Theory of neural coding: Concepts from information theory: Shanon information,
Fisher information, Kullback-Leibler divergence, Chernoff distance. Information
content of a neural population, effects of neural correlations and heterogeneity.
Information content of linear readout, Information content of winner-take-all readout.
Information content in the neural dynamic response.
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